The average total lead concentration of new enamel household paints in Egypt was previously reported to be the second highest among the seven countries from Africa, Asia and South America that were included in a 2009 publication. The follow up study reported in this paper includes more than twice as many brands (11 versus 4) and samples (45 versus 20) as the initial study. Paints from three of the four brands included in the initial study were sampled again to examine possible changes. Paint from the eight brands not examined in the initial study had lower lead concentrations (4,150 ppm average) compared to brands in the initial study, 26,200 ppm resulting in an average concentration of 11,900 ppm in the follow up study. These two averages are 291-and 132-times higher, respectively, than the current U.S. limit of 90 ppm in new paints for consumer use.
Paint lead concentrations in brands/colors manufactured at different times did not exhibit any overall pattern of increase or decrease. The data from the follow up and initial studies were combined using the sample collected more recently for those brand/colors collected twice, resulting in a total of fifty-two (52) samples with an average lead concentration of 14,300 ppm. The presence of lead in new paints continues to represent a threat to children and efforts are needed to cease the use of lead compounds in making paints by using readily available substitutes.
In a 1997 report of the analyses of fifteen (15) new paints intended for use on the interior of houses, the median concentration, 370 ppm, and the maximum, 19,200 ppm, were much lower than those presented in this report. This is consistent with a statement in the 1997 report that anecdotal evidence that some paint companies may be starting or increasing the production of lead-based paint.
Background and Introduction
In recent years there has been growing world-wide concern as awareness of the continued use of lead (Pb) in new household paint becomes more widespread. Data from paint analyses of new enamel decorative paints in twelve countries (Adebamowo et al., 2007; Clark et al., 2009) show average concentrations ranging between 7,000 ppm and 32,000 ppm total Pb. Most of the brands tested had concentrations exceeding 10,000 ppm in at least one sample, 111 times the current limit in the United States (CPSIA, 2008) . Other studies have also reported very high Pb concentrations (e.g. Van Alphen, 1999; Clark et al., 2006 , Lin, Peng, Chen, Wu & Du, 2008 Kumar & Gottesfeld, 2008; Toxics Link/IPEN, 2009; Ewers et al., 2011; Nganga, Clark & Weinberg, 2012; Gottesfeld, Kuepouo, Tetsopgang & Durand, 2013) . units in New Delhi that were examined by Kumar and Clark (2009) had at least one dust Pb sample that exceeded the USEPA standard for dust lead loading in floor or window sill dust.
Concern from the findings of high Pb concentrations in new paints resulted in the creation by the United Nations of the Global Alliance for the Elimination of Lead in Paints (UNEP, 2013) involving the United Nations Environment Programme (UNEP) and the World Health Organization (WHO) (UNEP, 2013) . With a goal of fostering the elimination of the use of Pb in new paints the European Union has provided support for the creation of the multi-year Asian Lead Paint Elimination Project directed by IPEN, an international network of non-governmental organizations involving its member organizations in seven Asian countries (IPEN, 2013) .
As global awareness of Pb paint hazards increase it will also become important to conduct follow up studies to determine whether the awareness has resulted in reductions in the Pb concentrations in new paints. One such country where a follow-up study has occurred is Egypt. The average paint Pb concentration reported in the initial paint Pb sampling in Egypt of 26,200 ppm total Pb, second highest of that found in seven countries in Africa as reported from several studies as shown in Table 1 . The average concentration of Pb in the paints from Egypt was also the second highest of those reported for eleven countries in Africa, Asia and South America as reported by Clark et al. (2009 e Samples with average of 15,800 ppm purchased in 2006; those with 37,000 ppm avg. purchased in 2008. For the four (4) paints of same brand/color included in each survey, the ratio of the average concentrations (50,000/23,000 = 2.2) was about the same as that for all samples in each survey as shown above (37,000/15,800 = 2.2).
The purpose of this project is to determine if leaded house paints are still available in Egypt and if there is any evidence of changes in the concentration of Pb in these paints.
Materials and Methods

Sample Collection
Enamel household paints from retail shops in the Greater Cairo area were analyzed for total Pb on two occasions, one reported by Clark et al. (2009) and the other presented in this manuscript. Results from the initial analysis of five colors from each of four major brands were included in with data from a total of eleven (11) countries in three continents. The current follow-up study of forty-five (45) new paint samples includes (1): collection of paints from brands not included in the initial study, (2) paints from some colors of these additional brands that were manufactured at different times and (3) repeat sampling of some paints from brands previously analyzed in initial study (Table 2) . A combined data set was also developed using data from both studies but only using a single result for each brand/color combination. If more than one sample was collected of a particular brand/color, the result from the most recent sample was included in the combined data set. The combined data set has a total of fifty-two (52) samples with unique brand/color combinations.
Sample Preparation and Analyses
Each paint sample was thoroughly mixed with a clean single-use stirrer. For each sample a single coat of paint was carefully applied to a clean piece of polycarbonate with an unused clean paint brush that was discarded after use with one sample. In the initial Clark et al. (2009) 
Results
Total Pb concentration data in parts per million (ppm) dry weight were compared by color and paint brand.
Results are presented as average, minimum and maximum and percentages exceeding 90 ppm, 600 ppm and 10,000 ppm. Ninety (90) ppm is the current limit for Pb in decorative paints in the US (CPSIA, 2008), 600 ppm is the former limit in the US (CPSC, 1977) and the current limit in several countries including Brazil (Brazilian Federal Law, 2008) and Singapore (Singapore NEA, 2004) and 10,000 ppm represents a very high concentration. Analysis of results was also by paint brand and date of paint manufacture or purchase.
.
Pb Concentrations of Paints in Follow-up (Current) Survey
Forty-five (45) paint samples were collected in the follow up survey. For six brand/color combinations two samples from each were collected with different dates of manufacture. Thus there was a resulting thirty-nine (39) brand/colors included in the current survey. Results from the duplicate samples for these six brand/color combinations (Table 3) are similar. The four samples with the lowest concentrations in the samples manufactured earlier decreased in concentration from the earlier to the later date of manufacture and the two with higher concentrations increased from the earlier to the later date. The average concentration increased from 6,540 ppm to 9,320 ppm. The two-sided p-value of Wilcoxon two-sample test is 0.69, which indicates no statistically significant difference in Pb concentration between samples collected on different dates. (45) samples analyzed in the current study were the same brand/color as included in the initial study. The average Pb concentrations in the samples of the same brand/color that were collected in the two time periods (Table 4) are similar but one sample from one brand decreased substantially while two from the other brand had large increases. The average of these brand/colors in the initial study was 35,100 ppm and 36,900 ppm in the follow-up study. The two-sided p-value of Wilcoxon two-sample test is 1, which indicates no statistically significant difference between the Pb concentration in these samples collected in the initial and follow-up studies. Table 3 , are included in the distribution of Pb concentrations presented in Table  5 . Data from a total of thirty-nine (39) samples are presented in Table 5 by brand and Pb concentration. Three or more samples were analyzed for seven of the eleven brands. Overall 72% of samples exceeded 90 ppm Pb concentration and 49% exceeded 600 ppm. The average concentration was 11,900 ppm. Six of the eleven brands have an average Pb concentration above 1,000 ppm; four of eleven brands had at least one sample with a very high lead concentration > 10,000 ppm. The two brands with the highest average concentrations, 51,600 ppm (Brand C) and 22,600 ppm (Brand D) had maximum lead concentrations: 122,000 ppm and 110,000 ppm, respectively. These two brands were among the four examined in the initial study.
Analysis of Combined Results From the Follow up and Initial Studies
For the thirteen (13) paints shown in Tables 3 and 4 samples that were manufactured on two different dates were analyzed. Statistical analysis presented earlier revealed that results did not vary by date. Therefore, for these paints only the results from the samples that were manufactured more recently were included in the combined sample analysis. The resulting combined data set contains a total of fifty-two (52) samples. The number of 52 paints was determining by adding the 39 samples of specific brands/colors in follow-up study (Table 3 line 5) to the number of samples in initial study, 20, (as indicated in Abstract) minus the seven (7) paints in the intial study that were re-sampled in the follow-up study (Table 3 line 4) . These 52 paints are from twelve (12) brands and have an average Pb concentration of 14,600 ppm (Table 6 ). Seventy-three percent (73%) had Pb concentrations > 90 ppm, fifty-three percent (53%) were > 600 ppm, twenty-seven (27)% had concentrations > 10,000 ppm and the highest concentration was 122,000 ppm. b 600 ppm total lead is the current standard in several countries including Brazil (Brazilian Federal Law 2008) and Singapore (Singapore NEA, 2004) .
The four brands included in the 2009 study ) (C, D, L, and G, as identified in Table 6 ) had the highest average Pb concentration in the combined data set, with a range from 18,100 ppm to 37,100 ppm and an average of 26,000 ppm. The average concentrations of the eight (8) brands that were included only in the follow up study were lower, ranging from 35.3 ppm and 8,750 ppm with an average of 4,150 ppm. The median two-sample test statistic for these data equals 13, and its standardized Z value is 1.74. The two-sided Chi-Square p-value Pr > Z equals 0.08. Although the difference in Pb concentration between the two groups of paint brands is not significant at the p level of 0.05, the difference observed may be considered to be of borderline significance.
Discussion
The lower average Pb concentration in samples in the follow up study,11,900 ppm, than found in the earlier study, 26,200 ppm, resulted from the lower average concentrations of samples from brands in the follow up that were not included in the earlier study.
For the thirteen paints of various colors of four brands of paint that were collected on two different dates (Tables  3 and 4 ) the Pb concentrations were not significantly different between the two sets of samples.
Pb concentrations in fifteen (15) new interior household paints from Cairo analyzed by Chappell et al. (1997) were much lower than those found in this follow-up study. The concentrations reported by Chappell et al. (1977) ranged from 0.02 to 19,200 ppm and with median 370 ppm.The maximum concentration was only about one-sixth of that in this follow up study and one-seventh of that in the earlier study. Five samples in the follow-up study had maximum concentrations higher than that reported by Chappell et al. (1977) , ranging from 1.7 times higher to more than six times higher. The median concentration in the follow-up study (1,690 ppm) was 2.8 times higher than that reported by Chappell et al. (1997) . These differences may be due to different brands and colors being sampled or to actual increases in the amount of Pb used in producing paints. Chappell et al. (1997) reported that there was anecdotal evidence, that could not be substantiated, that some private paint manufacturers may be starting or increasing the production of Pb-based paints.
Conclusions
Seventy-two (72) percent of the paints in the follow-up study had Pb concentrations that exceeded the allowable limit in the United States. Forty-nine (49) percent exceeded 600 ppm, the former limit in the US and the current limit in some other countries. The average Pb concentration of 11,900 ppm in the new enamel decorative paints in this follow up study was lower, than the average of 26,200 ppm found in the earlier study. This difference is consistent with the lower average concentrations in samples from brands included in the follow up that were not included in the earlier study
For the thirteen (13) paints of the same brand and color for which samples manufactured on two different dates were analyzed there was no significant difference in the Pb concentrations over time. This suggests that Pb concentrations in new paints in Egypt do not appear to be increasing or decreasing with time. Therefore, health authorities and the general public need to be aware of the continuing Pb threat to children and others from lead-based paints.
Concentrations of lead in new paints in the follow-up and initial studies were much higher those in paints manufactured earlier as reported by Chappell et al. (1997) .
